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Abstract 
To represent the extreme rainfall-runoff events, the deterministic distributed hydrological modeling is gaining interest both with 
the increase of the computation facilities and the availability of data especially the topography inputs. The experience has 
demonstrated the key role of the topographic resolution within the development of the deterministic distributed hydrological 
models by achieving the impacts on the characteristics of the basin especially the slope distribution and the representation of the 
stream network. To define the suitable topography resolution applied in the deterministic distribution hydrological models is one 
of the key pre-processes before the modelling analysis. Thus, in this paper, the simulation results of four deterministic 
hydrological models with different topography resolution – 300m, 150m, 75m - for the Var basin, France (2800km2) are analyzed 
in order to evaluate the influences on the simulation accuracy. The results of sensitivity analysis indicate the threshold value of 
the topography resolution on the model simulation with the consideration of both the sufficient accuracy and the reasonable 
simulation time to cover the extreme rainfall-runoff event in 1994.  
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1. Introduction 
1.1. Deterministic distributed hydrological model  
Due to the special characteristics of the extreme rainfall-runoff events (e.g. unexpected, high intensities, sudden 
and high damages on persons and goods, etc.), the requirements of having well-represented hydrological models to 
reproduce or estimate the flood disasters are rapidly increasing. In recent years, with the increase of the computation 
facilities, the deterministic distributed hydrological models that are based on the physical laws play a significant role 
in the hydrological modelling analysis. Comparing with the other kinds of models, such as empirical models or 
concept models, the physical deterministic distributed models have the obvious advantages in well representing the 
spatial variability of the system and the capacity to simulate any type of event.  
In the traditional hydrological studies, with the limits of model abilities, one or less hydrological components in 
the hydrological cycle can be analysed deeply while others are simplified or approximated. In the physical 
deterministic distributed model, various hydrological processes in the hydrological cycle can be integrated 
considered and simulated followed partial differential equations of conversation of mess, energy and motion [1]. 
However, the power of the physical deterministic distributed model is as same as its weakness, as the data 
requirements of setting up this kind of model are relatively high. With the huge amounts of data inputs that some 
parameters could be over or under-estimated in the modelling set-up, the model uncertainty is increased at the same 
time. 
The topography input as one of the main inputs of this model which directly influenced the river network and 
slope distribution, has significant impacts on the model simulation. One of the main factors defined the data quality 
is the data resolution. As we know that keeping increasing the resolution of the topography may improve the 
simulation results [2], but considering the geomorphology characteristics of the study area and the modelling 
computation time, the higher resolution topography input (e.g. 5m × 5m resolution) may not efficient in the model 
strategies. Hence, in this study, four topography scenarios of different resolution in Var Basin (2800km2), France 
were assessed, to define the suitable inputs resolution for simulating the extreme rainfall-runoff events. 
1.2. Physical behaviors of the study area  
The Var catchment is located at the southeast part of France with the control area of 2800km2 which is the 
largest river basin in the French Mediterranean Alps region. The elevation variation in this region is conspicuous. 
The basin raise from 0m above the sea level until 3100m above the sea level with the steep slope distributed along 
the branches located in the middle and upper area of the catchment. There are four main tributaries (Var, Estéron, 
Vésubie, Tinée) cross five main sub-catchments in this basin (Table 1) (Fig. 1.). The alluvial aquifer is one of the 
main drinking water resources for the local population. The exchange between the groundwater and surface water at 
the lower part of the basin is frequently [3].  
Table 1. The sub-catchments and main branches in Var Basin. 
Branches Length (km) Sub-catchments Area (km2) 
Estéron 53.93 Estéron 446.73 
Tinée 70.58 Tinée 741.96 
Vésubie 48.49 Vésubie 392.36 
Var 122.59 
Upper Var 1082.77 
Lower Var 150.76 
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Fig. 1. Topography of Var catchment, France. 
The climate condition in this basin is the typical Mediterranean climate has hot dry summers and cool wet 
winters. The annually precipitation in this catchment is around 815mm, concentrated in 65-80 days per year. The 
surface discharge is contributed by instance rainfall, snow melting and exchange with the soil and the shallow aqua 
aquifer. The floods occur in this region mainly appeared at the spring season with the rainfall combined with snow 
melting from the mountain and in the winter time coursed by the extreme precipitation events. From the discharge 
records at the Napoléon III Bridge (1985-2014) located at the outlet of the catchment, the annually average 
discharge of this catchment is around 50m3/s. However the discharges from each tributary contributing to the main 
branch in the Var Basin are not clear as no measurements are available.  
1.3. Extreme rainfall-runoff event at 1994 
The flood occurred at 5th November 1994 as one of the most spectacular hydrological events recorded in the Var 
valley [2]. During this event, several dikes at the downstream part of the basin is overlapped and a number of 
national and departmental roads were destroyed (Fig. 2.). Some small bridges were completely washed away and the 
flood entered international airport of NICE caused it closed for around one week. Fortunately, there were no lives 
lost but the estimated damages of this hazard are around 23 ×106 €.  
 
 
Fig. 2. Flood 1994 at Var valley (Pictures: NICE Matin) 
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This hazard is mainly due to the extreme rainfall-runoff event. The average rainfall from 2nd November to 5th 
November 1994 is around 200mm/day. Half of the rainfall amount is concentrated on 5th of November that 
characterized by large rainfall intensities. Beside, before the extreme rainfall event came at 5th November 1994, 
there is another intense rainfall appeared at 3rd November 1994 that we assumed it fully filled the unsaturated zone 
of the catchment. So, with the special characteristic of this event that the high precipitation intensities over fully 
saturated area produced a huge amount of surface discharge the people lived at the downstream part was totally not 
informed in advance.   
2. Materials and Metrology 
2.1. Data assessment 
For the extreme rainfall-runoff event at 1994, the data from 5 hourly rainfall gauging stations are available from 
12:00 3rd November 1994 to 24:00 5th November 1994 (Fig. 3).  
 
Fig. 3. The hourly gauging station available for flood 1994 (data from Météo France) 
During this event, most amount of the rainfall were recorded at the station Roquesteron and station St Martin 
Vésubie with 168.2mm and 164.2mm respectively and limited around 95.9mm closed to the coastal line (station 
Carros). The highest altitude among these six stations is 1064m above sea level (station Vésubie) that defines the 
data limitation of unknown rainfall information above this elevation. 
The peak discharge at the downstream part is estimated around 3680m3/s appeared at 18:00 5th November 1994. 
However this value should be considered critically, as this value is above the ability of the measurement tool and the 
highest records that are around 600m3/s (Fig. 4.). From the rising time which the last records around 600m3/s at 7:00 
5th November 1994, all the records are estimated by the analysis after the event. 
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Fig. 4. Hydrograph recorded at the Napoléon III Bridge, Nice (from DIREN PACA & CEMAGREF 1996 [3]). 
The topography data with different resolution applied in this study are collected from the GIS department of 
Métropole Nice Côte d'Azur. In Table 2, it indicates with the variation of the data resolution, the higher resolution 
data could produce bigger study domain, but all the other geomorphology factors of the catchment is decreasing 
with the raise of the resolution. For instance, change the resolution from 300m to 150m (twice increased), the study 
area decreases 2.32km2, but the total river length increase 108.89km. Then with the resolution grew up until 25m, 
the control area doesn’t shown a big change, but the total river length, maximum and average slope of the catchment 
raise almost twice more than the 300m resolution data. However, the difference between 5m and 25m resolution 
data is not obvious, which could be claimed that in the Var catchment, France, the 25m resolution topography data 
already has the ability to well represent the topography reality.  
Hence, with the increasing of the topography resolution, the data will be more closed to the reality. However, 
there should be one threshold value of the data quality for different study area depends on the geo-characteristics of 
the catchment which indicate that when this value is achieved, the improvement of continuing to increase the data 
resolution is less. In this case study, the threshold value of the topography data resolution could be between 75m and 
25m.  
Table 2. The topography data with different resolution. 
Data Resolution A (km2) TRL (km) MAX_S (°) MIN_S(°) AVG_S(°) STD (°) 
5m×5m 2814.58 2045.91 85.49 0.00 27.60 11.95 
25m × 25m 2814.67 2021.51 80.79 0.00 26.74 11.23 
75m × 75m 2816.49 1954.82 70.97 0.00 24.39 10.18 
150m × 150m 2817.38 1896.98 58.38 0.00 21.55 9.36 
300m × 300m  2819.70 1788.09 44.86 0.03 18.08 8.21 
N.B. A: Area (km2); TRL: Total River Length (km); MAX_S: Maximum Slope (°); MIN_S: Minimum Slope (°); AVG_S: Average slope (°); 
STD: Standard deviation (°) 
2.2. Model description and set-up strategies 
In this study, the physical deterministic distributed hydrological model MIKE SHE is selected to test the 
topography impacts on the simulations of the extreme event 1994. The model of MIKE SHE is developed by DHI 
since mid-1980s’which has the capability to integrated consider multiple processes in the hydrological cycle (e.g. 
evapotranspiration, rainfall-runoff, etc.).  
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Considering the data limitation and the special characteristics of the flood 1994, which all the unsaturated zone 
was full filled by the rainfall at the beginning of the event, the impacts of saturated and unsaturated zone was not 
taken into account of the model simulation. Two main functions in MIKE SHE are selected in the modelling 
strategy of this study. The “overland” flow in MIKE SHE applied the diffusive wave approximation of the St. 
Venant equations that simplify the equations like: 
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And the “River and Lake” function which coupling with MIKE 11 simulating the channel flow by 1-D St.Venant 
equation. The coupling between MIKE SHE and MIKE 11 is based on the river links located at the edges of the cells 
(Fig.5). The locations of the MIKE SHE river links are defined by the coordinates of the river points in MIKE 11. 
Because of the river links are created at the edges of the cell, depends on the cell size, all details of the MIKE 11 
may not be taken into account in MIKE SHE. The more refined MIKE SHE cell resolution, the more accurately the 
river network can be represented [4]. 
 
Fig. 5. MIKE 11 branches and H-points in a MIKE-SHE Grid with River Links [4]. 
To assess the impacts of the topography inputs on the modelling results, four hydrological models with different 
topography data resolutions (300m, 150m 75m and 25m) are built in the study. Since the links between MIKE SHE 
and MIKE 11 have significant impacts on the final results, to make sure the river network of those models can well 
present the reality, the drainage lines used in this study are abstracted based on the highest resolution topography 
data (5m × 5m). The simulation period is from 13:00 3rd to 18:00 6th November 1994 which covered the whole flood 
event included the first intense rainfall to fully fill the domain. 80 hours rainfall records from 6 hourly gauging 
stations are applied as the main source of the model. As mentioned before, the soil condition during this event is 
already fully filled, so the infiltration process is ignored in the model simulation. Also, because of the high intensity 
of the precipitation, the interception is not included. 
3. Results Discussion 
     Because of the big uncertainty of the peak value, the model calibration is more focused on rising time and value 
and the peak time of the flood. The sensitivity analysis has to be focused on the factors and variables that are 
directly affecting the runoff process [5]. For the extreme flood, as the big amount of the precipitation fell on the land 
surface and produced the surface discharge immediately, the width of the river cross section is changed a lot [6]. 
607 Qiang MA et al. /  Procedia Engineering  154 ( 2016 )  601 – 608 
There is a big doubt on the roughness of the river channel and the overland area during the extreme rainfall-runoff 
event.  Hence, in the sensitivity analysis of the model calibration, the Strickler coefficients for the river channel and 
the overland are the main factors to be analyzed. With the certain resolution topography (300m), the peak time is 
highly influenced by the Strickler value of the river channel, and the Strickler value of the overland doesn’t have big 
effects on the peak as in the channel, but it will slightly have the impacts on the peak value (Table 3). 
Table 3. The sensitivity analysis of the MIKE SHE calibration  
Strickler Value (m1/3/s) 
Peak time Peak value (m3/s) 
Overland River 
40 20 05/11/1994 15:30 3662.99 
30 20 05/11/1994 15:30 3657.81 
20 20 05/11/1994 15:30 3647.08 
10 20 05/11/1994 16:00 3611.93 
20 10 05/11/1994 17:00 3352.78 
20 5 05/11/1994 19:30 2891.30 
8.5 8.5 05/11/1994 18:00 3237.32 
 
Then, the same parameters are applied for the other different resolution topography inputs. The results in Fig. 6 
shown with the increasing of the topography resolution, the peak value of the flood simulation in improved. This 
could be mainly because of the improvement of the topography quality especially the slope distribution. Beside, 
with the higher resolution topography input, the river network in the catchment is better presented. The coupling 
between the MIKE SHE and MIKE 11 has the impacts on the final result. With the higher resolution that applied the 
finer cell size in the model calculation, the link between the MIKE SHE and MIKE 11 is more clearly presented in 
the model. This could be one explanation of why the higher resolution model produces higher peak value.  
 
 
Fig. 6. The hydrography of the simulation with different topography resolution 
Moreover, even though the higher resolution will produce the better simulation results, the computation time of 
different is exponentially increasing. The running time for the 300m and 150m resolution model is quite same, just 
several minutes. But for the 75m resolution, the computation time raise up to several hours. For the 25m resolution 
model, the model will have to run for several weeks. Hence, as the 75m model results are already good enough to 
represent the event, finally, the 25m model result is not presented in this paper. 
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4. Conclusion and Recommendations  
The physical based deterministic distributed hydrological model has the obvious advantages of integrated 
considering various hydrological processes and well presenting the reality. However, to have a good and efficient 
model simulation, the data quality plays a significant role on the model strategy. The topography input, as one of the 
main inputs of the deterministic distributed model may directly has effects on the final results. The quality of slope 
distribution and the river network could be two main impact factors on the model accuracy. In the MIKE SHE 
model simulation for the extreme rainfall-runoff, the quality of the river links between MIKE SHE and MIKE 11 
could be the most significant factor influenced the peak time and peak value of the flood. Depends on the 
geomorphology characteristics of the catchment, the topography resolution should have a threshold values to well 
represent the reality. In our case, integrated considering the model accuracy and the running time, the 75m 
resolution topography in the Var catchment (2800km2) with the 5m resolution river network may good enough to 
represent the flood event in 1994.   
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